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THE EFFECT OF SMALL VARIATIONS IN PROFILE OF AIRFOILS
By Kenneth E. Ward

Summarzry

This report deels with the effect of small varlations in
ordinates specified by dif"erent 1aborator1es for the same alir-
' foil section. This study was made in connection with a more gen-—
eral investigation of the effeét of smail irregularitieé of the
airfoil surface on tne aerodynanic characteristics of an air-
foil. The tests were conduoted in the Variable Density Wind
Tunnel of the National Advisory Committee for Aeronautics upon
two models of the Gdttingen 387 airfoil section and two symmet-
rical airfoil models havinz comparable shapes, the N.A.C.A. 0031
and the N.A.C.A. 100. R

These tests show that small changes in éirfoil contours,
resulting fron variations in the specified ordinates, have a
sufficiently large effect upon the airfoil characteristics to
justify the taking of great care in the speoification of ordi-

nates for the construction of models.
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Introduction

It is well known that the ordinateS'Specified by one labor-
atory for a given wing sec%ioﬁ may vary somewhat from those
specified by another laboratory. Little direct information is
available to show just what effect a modification of the profile
has. upon the serodynami¢ characteristics of an airfoil. A var-
iation in specified ordinates may be.aitributed ﬁo several
causes. Unlesm-~exceselve care is used, an airfoil cannot be. con-
structed exactly as specified. The meaéured ordinates are ﬁeu—
ally published and will not, therefore, correspond tp_thpse
from which the airfoil was made. Often deliberate small cpgnges
are introduced by refairing the original surface curves or by
slight modificaﬁione of the profile. Also, it may be impossi-
ble to obﬁain exactly thé origiﬁal ordinates.

The most comﬁon method used to detect the differences be-
tween airfo;l profiles 1s to ocompare the fairness of the curves
dréwn thrngh the ordinates plotted to enlarged scales. A
superior,méthod.of judging fairness is to examine the curfes
of the first and second derivatives of the profile., An approxi-
mate method of obtaining this is to take first and second dif-
ferences between the ordinates of equally spaced stations.

Since the radius of curvature of any curve depends upon the
first and second derivatives, the fairness of the first and
second difference curves will indicate the fairness of the

surface.
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This report covers an investigation of the effect of small
-changes in airfoil contours resulting from variations in the
specified ordinates, and is published in connection with a more
general investigation on the aerodynamic effects of small irreg-
ularities of airfoil surfaces. Later reports will give the ef-
fects of fabric sag, abrupt breaks near the leading edge caused
by the presenoe of a plywood nose, and general surface roughness.

The present. 1nvest1gation Was made in the Varlable Density
' Wind Tunnel at the Langley Memorial Aeronautloal Laboratory an
two alrIoils of the Gottlngen 387 section, and on two symmet-'
rlcal alrf01ls hav1ng compurable shapes, namely, tne H A c. A.
0021 and the . A.C.A. 100. The G&ttlngen airfoils were con-—
struoted from dlffelent sets of speclfied ordinates and are
tde81gnated in this repolt as the GSttlngen 387~G and the Gottin-
gen 387. The two symnetrical models were included because the
differences in ordinates spec1fy1ng‘the*ﬁwo seotlons approx1mate
the differences often encountered in spe01fled ordinates for
ﬁhe gsame section. o | - |

Apparatus and Tests

A description of the Varidble Density Wind Tunnel, in which
‘thése tests were performedy; and a discussion of the principles
upon which its operation is based, are given in Reference 1.
This description, howevér, applies 4o the tunnel in its original
- form. Although fundamentally the snme,-%ne present tunnel dif-

. fers from’ the origfndl'in the type of ‘eéntronce cone and return
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passage, and in some wminor respects.

The airfoil models were all 5 by 30 inches; the two GOttin-
gen 387 models were made of duralumin and the other two of mahog-
any. Usual force tests were made at an approximate Réyholds
Number of 3.4 x 106.

Regults and Discussion

The geometric éﬁaracteristics of thé airfoils afe illus-
trated by the profile plots. Figure 1 gives the profile. of the
GSttingen 387-G, constructed from fhé thtingen laboratory ordi-
nates (Reference 2),'oompared with the GOttingen 387 profile, as
oénstfucted frém the ordinates given.in the N.A.C.A. Technical
Repbrt No. 124 (Reference 3). The full pfofiles are plotted to
an enlarged vertical scalé,.whereas the nose and tail are plot-
ted to a large naturél scale. The specified and measured ordi-
. nates.are given in Table I. Measurements wére_made to an accu-
'.réqy of *0.0005 inch.

| First dnd seoond difféfences were taken.befweeﬁ fhé measured
ordinates at each 5 per cent station for the two thtingen nod-—
els. The results are plotted in Figure 3, and illustrate the
fairndss of the surfaces. ' The dotted- curves represent the deriv-
atives of a fair surface from which;. by working back, the ordi-
nates may be obtained. This has been done and fhe'results given
in Teble I under the heading "GOttingen 387 ~ Faired." Figure 3
ig a plot similar to Figure 2, showing the difference curves for

four sets of @pecified ordinates for the'GSttingen 387 (Refer-
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ences 2 to 5, inclusive). In this case, the differences wers
taken for each 10 per cent.station.

A comparison between the aerodynamic characteristics of the
two airfoils is given in Figures 4 and 5. Figure 4 gives the
-1ift and drag coefficients, L/D ratio, and center of pressure,
plotted against the angle of gttack, for a wing of aspect ratio
8 in free air. Figure 5 gives plots of the prqfiie drag coeffi-
cient, angle of Attackg and moment coefficient about the quarter
chord, against the 1ift coefficlent, for a wing of infinite as-
pect ratio. These curves show the thtingen 387-G to have 4.5
per cent lower maximum 1ift, 8.0 per cent lower minimum profile
drag, and 3.5 per cent higher maximum IL/D, thsn the Gottingen
387. There ies little difference in the moment or center of
pressure characteristics for the two sections. The accuracy of
the results is indicated by the check points shown on the curve
sheéts. -

Similar plots of the geometric and aerodynamic characteris-
tics of the N.A.C.A. 0031 and the N.A.C.A. 100 are given in Fig-
ures 6 to 9, inclusive. These curves show the K.A.C.A. 0031 to
have 9.4 per cent higher maximum 1ift, the same minimum profile
drag, and 2.3 ﬁer cent higher maximum /D, then the H.A.C.A.
100,
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Conclusions

Small changes in airfoll contours resulting from variations

in the specified ordinates have a sufficiently 1arge effect upon

the. alrfoil characteristios to justify the taking of great cars

in the specification of ordinates for. the construction of models.

Langley Memorial Aeronauticai Laboratory,
National Advisory Committeec for Aeronautics,
Langley Field, Va., December 18, 1930.
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TABLE I. Oxdinates of Airfoll Sections-
(A1l dimensions given in per ceant of chord)
Distance ¢+ tin gen 387
from . - —— ——
leading necasured specified
edge upper lower. 1., upper - lower
0 : 3.81 3.8 . .
1-1/4 6.74& 1.43 6.74& 1.35 °
2-1/2 7.98 .84 7.98 .81
5 9.88 .38 9.87 .38
7-1/2 11.30 .18 11.33 .18
10 12.38 .10 13.40 .13
15 13.83 . 00 13.83 .00
20 . 14.78 .08 14,77 .08
25 15.24 .14 ot
30 15.38 .20 15.36 .23
35 15.26 . 36 P
40 14,88 .54 14.88 . « 38
45 14.38 .40 '
50 13.53 .49 15.48 .« 54
55 12.83 .49 . '
60 11.83 .49 11.59 .54
85 10.48 .48 .
70 9.23 . .48 2.16 .54
75 7.94 .48 :
80 6.60 T .44 6.58 .50
85 5.18 « 38 '
90 5.63 . 234 3.8%1 .27
o5 2.04 . .14 1.99 .18
100 _ 37 .00
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TABLE I. Ordinates of Airfoil Sections (Cont.)
(All.dimensions given in per cent of chord)
Distance Ghttingen 387-G ¢dttingen 387
from - g - Y - .
leading measured . specified faired
edge upper lower upper | lower . | upper lower
s . ‘ 3,30 3.230 . 3.38 3.38
1-1/4 6.38 1.54 8.235 1.5Q
2-1/3 7.68 1.08 7.65 1.05 :
9.54 .56 9.50 .58 9.63 .56
7-1/3 10.90. .38 10.85 .25 -
10 11.98 .13 11.95 .10 12.15 .18
15 13.46 .00 13.40 .00 13.64 .00
a0 14.44 .03 ~14:40 .00 1l4.81 .03
85 14.96 .10 o 15.16 .10
30 15.10 .80 - -15.05 .20 15.38 .19
35 15.00 .30 o 15.36 .38
40 14.68 .38 -14.80 .40 14,90 .36
45 14,14 42 ‘ : 14.33 .42
50 13.43 .46 - 13.35 .45 13.55 .46
55 12.50 .48 _ , 12.83 .48
80 11.44 .48 11.35 .50 11.56 .48
85 10.26 .48 _ ' ' 10.33 .48
70 8.98 - .48 8.90. .45 9.13 .42
75 7.83 40 7.80 .37
80 6.30, .34 6.15 . 30 6.41 .31
85 4,74 .36 : 4,97 .24
90 3.238 .18 3.35 .15 3.49 .18
95 1.78 .08 "1.75 .05 1.98 .08
100 .15 .15 .45 .00
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TABLE I. Ordinates of Airfoil Sections (Cont.)
(A1l dimensions given in per cent of chord)

Distance F.A.C.A, 0031 ¥.A.C.A. 100

1£§§?ng measured specified nmeasured specified
edge upper| lower upper| lower uppert lower upper | lower
o 0 o 0 0
1-1/4 | 3.30| 3.04 3.33] 3.33 2.94| 3.30 3.186 | 3.18
2-1/3 | 4.80| 4.34 4.57| 4.57 4.36] 4.40 4,52 | 4.53
5 6.34 6.08 6.33| 6.3 6.03| 6.5 6.35 8.235
7-1/2 7.38f 7.238 7.35| 7.3b 7.33] 7.33 7.38 7.38

10 8.14| 8.186 8.30f 8.20 8.14] 8.20 8.24 8.24

15 9.30; 9.38 9.351 9.35 9.30f 9.80 9.45 8.45

30 9.94f 9.90 10.04;10.04 10.04}10.03 10.17 | 10.17

25 10.28(10.36 10.40,10.40 10.40{ 10.38

30 10.36}10.36 10.50{10.50 10,48/ 10.46 10.50 | 10.50

35 10.38]10.30 10.41;10.41 10.40} 10.34

40 10.00;10.08 10.18]10.18 10.16| 10.08 10.33 | 10.33

45 9.60| 9.74 9.771 9.77 2.80| 2.723

50 9.10{ 9.36 2.371 9.37 2.30| 9.14 9.44 9.44

55 8,50} 8.68 8.68] B8.863 8,78 8.66

80 7.84] 7.98 7.99] 7.99 8.10f 7.98 8.31 8.21

85 7.13} 7.20 7.33] 7.23 7.33| 7.20

70 6.38] 6.38 6.41] 6.41 6.44 8.38 6.59 6.59

75 5.44| 5.50 5.63| 5.53 5.53] 5.48

80 4,50} 4.54 4.598| 4.59 4,53, 4.50 4.88 4.68

85 3.53| 3.54 3.59] 3.58 3.48f 5.48

S0 2.46| 2.52 2.53] 2.53 2.40| 3.38 2.53 2.53

95 1.34] 1.46 1.41) 1.41 1.23] 1.38 1.34 1.34

100 .23 .23 11 .11
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